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Executive Summary 

ACS Contract Number NAS5-32864 
Contract type CPIF 
Awarded Price - 
Final negotiated price .)ra, 
Added scope - 
cost growth - 
Original Delivery Schedule Mar, 2001 
Final Negotiated Delivery Schedule oct, 2001 

ACS was launched aboard the Space Shuttle Columbia just before dawn on March 1, 2002. At 
the time of liftoff, the Hubble Space Telescope (HST) was reflecting the early morning sun as it 
moved across the sky. After successfully docking with HST, several components were replaced. 
One of the components was the Advanced Camera for Surveys built by Ball Aerospace & 
Technologies Corp. (BATC) in Boulder, Colorado. Over the life of the HST contract at BATC 
hundreds of employees had the pleasure of working on the concept, design, fabrication, assembly 
and test of ACS. Those employees thank NASA - Goddard Space Flight Center and the science 
team at Johns Hopkins University (JHU) for the opportunity to participate in building a great 
science instrument for HST. 

After installation in HST, a mini-functional test was performed; a complete functional test was 
performed later. ACS performed well and has continued performing well since then. One of the 
greatest rewards for the BATC employees is a satisfied science team. Following is an excerpt 
from the JHU final report " The foremost promise of ACS was to increase Hubble's capability 
for surveys in the near infrared by a factor of 10. That promise was kept. " 

Delivery Schedule 

NASA initially changed the delivery schedule from August 1998 to December 1998 to 
accommodate changes in their fiscal year budget profile. They changed it a second time to 
October 1998 when it was determined that it would be in the best interests of the project to 
perform environmental testing at NASNGSFC instead of BATC, as had originally been planned. 
NASA changed the delivery date again to June 2000 to accommodate an additional launch delay 
and technical issues with the CCD detectors. 

Cost Growth 

The cost growth includes U of added scope and overrun. The scope increases 
include the addition of a coronagraphic capability, schedule extensions driven by the customer's 
fiscal year budget profiles, re-engineering the ACS to accommodate the rising temperatures in 
the HST's instrument bay, the requirement for additional charged coupled devices focal planes, 
mission and joint integrated simulation support and two launch delays. The overrun was caused 
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primarily by technical difficulties experienced by the CCD vendor, the additional efforts required 
to modify designs and fabricate and test new hardware when the hardware from earlier projects 
included in the baseline proved to be incompatible with the final ACS requirements, and indirect 
rate changes. 

Design Information 

ACS was designed to be an axial replacement instrument for the Hubble Space Telescope and to 
provide an improvement in discovery efficiency over the current HST camera. ACS discovery 
efficiency was designed to be a factor of ten improvement - in fact ACS exceeded performance 
expectations during ground testing and on orbit evaluation. Performance data will be presented in 
a later section. 

The ACS design included three cameras in one package. 

1. A wide field, high throughput visible camera optimized for 800 nm (WFC) 
2. A high resolution, critically sampled camera optimized for the blue spectrum (HRC) 
3. A high throughput far UV camera 

Key characteristics are listed below 

I Features I WFC I HRC I SBC I 
Maximum throughput 149% Q 600 nrn 125% Q 600 nrn 16.1% @ 121.6 nrn 

136% Q 800 nrn 117% Q 800 nm 15.3% Q 130 nm 
I 124% Q 400 nrn 117% Q 400 nm 14.2% @ 140 nm I 

I I 111% Q 250 nm 12.9% Q 150 nm 
I 11.7% @ 160 nm . - _ _  

Field of View 1200" x 204" I26x  29" [ 26x 2 9  I 
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Below is a block diagram of the ACS instrument. On the following two pages are diagrams that 
have one optical channel each. 

ACS DETECTORS, OPTICS, MECHANISMS, H E A T  PIPES & R A D I A  
THERMAL 
I N T E R F A C E  
P L A T E  H E A T  P I P E S  

r CCD ASSY 

K4IERS 

W F C  CCD I HRC C A L  
LAMP ASSY 7 

CAL/CORONAGRAPH 
MECHANISM 

~ 

HRC M 3  F O L D  
MECHANISM MIRROR MECHANISM 

FIELD MAS1 L~~~~~~~~~~~ - 
U T A  P U P I L  MASK 

TORS 

SBC-MAMA 
DETECTOR ASSY 

This following block diagram shows the light coming in from the lower left, through imaging 
optics, through two filter wheels, past a shutter mechanism and into the WFC detector assembly. 
Inside the WFC housing are two 2000 x 4000 detector chips mounted together to make a 4000 x 
4000 imaging array. The detector array is cooled with a Thermal Electric Cooler - heat is 
rejected through heat pipes to the thermal radiator. During the next servicing mission NASA will 
attach heat pipes to the thermal interface plate so heat will be able to be rejected outside the 
instrument bay. The end result will be lower operating temperatures within ACS and extended 
life. 
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ACS DETECTORS, OPTICS, MECHANISMS, HEAT PIPES 
& RADIATORS ( W F C )  

HEAT PIPES 
INTERFACE 
PLATE 

CAL/CORONAGRAPH 
MECHANISM 

THE HEAT PIPES 
R A D  
PAN 

IM2 

DETECTOR ARRAY~AA 

INNER VINDOV 

OUTER VINDOV 

WFC C A L  
LAMP ASSY 

LAMP CONTROL 

TUNGSTEN - LRHPS 

IM3 

U 
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Below is the HRC / SBC block diagram. Again, detector heat is carried away from the detectors 
with heat pipes. A fold mirror directs light to the detector of choice for High Resolution images. 

A C S  DETECTORS, OPTICS,  MECHANISMS, H E A T  PIPES 8, R A D I A T O R S  (HRC 8, S B C )  

HRC CCD ASSY 

CALKORONAGRAPH 
MECHANISM 

DETECTOR ASSY 
_- - 

~ _ _  _ _ _  

- 

F I E L D  MASK 

ACS Final Optical Verification at BATC 

Below is a picture of ACS as it is lowered into the Hubble Optical Mechanical Simulator 
(HOMS) at BATC. While in HOMS, ACS was supplied light from the Refractive Aberration 
Simulator (RAS) to verify proper alignment and optical performance with the spherical 
aberration of HST’s primary mirror. 
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Performance WFC Discovery 
requirement Efficiency 
Minimum 17200 - 22899 
Exceeds 22900 - 23899 
Exceptional 223900 24766 on orbit 

22931 on ground 

Discovery Efficiency Calculations 

Exception 

Discovery efficiency was used to determine incentive fee. Estimates were made on the ground by 
combining detector and optic efficiencies. Three categories were predetermined and the 
accompanying discovery efficiency factors are below. 

Performance WFC Discovery 

I I I a1 I 

~~ 

Performance requirement I HRC Discovery Efficiency I 
Minimum 30 - 60 I I 
Exceeds 61 - 133 I 135 on ground I 
Exceptional > 134 I 139 on orbit I Exceptional 

I Minimum 65 - 84 I I I 
Exceeds 85 - 109 I 101 on ground I 
Exceptional 2 1 10 I 101 on orbit I Exceed 
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Section 1 
Introduction 

1.1 Purpose 

The purpose of this document, which defines the Requirements Verification Specification, is to 
provide a comprehensive verification summary of all the performance and design requirements 
for the Advanced Camera for Surveys (ACS) instrument as identified in Section 4.0 of the 
Contract End Item Specification (CEI) - Part 11, STE-50. This document cross references the 
requirements of the CEI and ICD Specifications with the specific tests and qualification 
procedures cited in this document, under “Procedure Number,” “Type” and “Method,” Planned 
Verification section, Table 1; or in some cases listed, as identified the ACS System Engineering 
Reports (SER), as needed to demonstrate complete performance verification of the ACS 
instrument. 

1.2 Scope 

This document describes the analyses and tests that are performed to verify the performance of 
the ACS instrument. The performance requirements are defined by the customer contract end 
item specification and the HST interface control documents. Thus, this document is organized in 
a fashion that addresses each of these requirements specifically. While the verification of some 
instrument performance requirements involve development and subsystem level testing, this 
document presents the highest level of instrument assembly where verification testing has been 
planned for each requirement. 

Presented in this document is a table that contains requirement information and verification 
methods for each requirement. This table is derived from the CEI Specification, from the Space 
Telescope (ST) Interface Control Document (ICD), Level II, Axial Science Instrument (SI) to the 
Optical Telescope Assembly (OTA) ST-ICD-O2E, and the Space Telescope Scientific 
Instruments to Scientific Instruments Control and Data Handling System Interface Control 
Document (SI to SI C&DH ICD) ST-ICD-08D. 

Where possible, tables in the source documents used to define requirements are internally 
referenced within the Requirements Verification Matrix by the nomenclature “Incl. as RVS Table 
[number]”. These tables have been reproduced in comparable form in this document as 
subsequent worksheets following the Requirements Verification Matrix. In some cases where 
text is organized in table format in the source ICD document, but is presented without use of a 
specific table number, equivalent tables have been included in appended worksheets and 
referenced by the nomenclature “Incl. As RVS Table [letter]” to separately identify this class of 
data entry. Correspondingly, tables cited externally and listed as contained in the source 
dorum-ents are called out as “table [number-number]” using the lower case “t” to help distinguish 
them as source citations rather than indices to tables contained and referenced internally in this 
document. The primary documents referenced are identified below: 
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1. ACS Performance and Design Requirements: STE-50. CEI Specification - Part II. Sections 
3.0, 4.0, and 5.0 of this document has been cited in the first part Table 1 to provide a 
complete cross reference to all contract performance and design requirements. 

2. Science Requirements: STE-47. CEI Suecification - Part I. The requirements in the fust part 
of Table 1 have been cross referenced to this CEI specification for tracking the prime science 
requirements. Paragraph 3.2.2 of this document discusses this cross reference (correlation) in 
further detail. 

3. Support System Module Requirements: ICD-02E. The requirements in the second part of 
Table 1 have been cross referenced to ICD-02E for tracking the support systems module 
interface requirements. 

4. SI C&DH System Requirements: ICD-08D. The requirements in the third part of Table 1 
have been cross referenced to ICD-OSD for tracking the science instrument command and 
data handling system requirements. 

Section 2 contains a maintained list of all the primary applicable documents that are referenced in 
this document along with their included revision types and dates. 

Section 3 describes how the test and verification documentation is organized. The format and 
description of verification documentation are presented. The included listing also summarizes the 
tables within this document. 

Section 4 describes the organization, implementation, evaluation, and control aspects of the 
management arrangement of the test and verification effort. Assignment of responsibilities is 
reported in this section. 

Section 5 contains the tables that specify the plan for the verification of each requirement. These 
tables will be updated as the verification tests and analyses are completed. 
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Section 2 
Applicable Documents 

The following documents referenced in this specification shall apply only to the extent stated in 
this specification at the point of reference. Documents listed with a revision letter or a date shall 
be of the exact issue so indicated. BASD documents are subject to change during the life of the 
ACS contract and thus are under configuration control. Refer to the ACS Configuration Manager 
to obtain the current revision status of active document issues. 

2.1 NASA Documents 

STE-47 
27 Mar., 1995 

STE-50 
03 Nov., 1996 

LMSC/ST-ICD-O2E 
29 Jun., 1984 

LMSC/ST-ICD-O8D 
22 Jul., 1980 

Advanced Camera Contract End Item (CEI) Specification (Part 1) 
SCN 002,12 Jul., 1996 

Advanced Camera Contract End Item (CEI) Specification (Part 11) 
SCN 003,21 Aug., 1998 CM Rel. 06 Nov., 1998 

ST Level 11 Interface Control Document, Axial SI to OTA and SSM 
IRN 119,05 May, 2000 CM Rel. 05 May, 2000 

ST Interface Control Document, SI to C&DH 
IRN 44,30 June, 2000 CM Rel. 23 Aug., 2000 

2.2 Other Documents 

GEVS-SE 

GSFC PPL-20 

NSTS 1700.7B 

KHB 1700.7B 

MIL-STD-883C 

FED-STD-209D 

IRN 119 

STR-43 Performance Assurance Requirements (HST) 

General Environmental Verification Specification for STS 
January 1990 and ELV Payloads, Subsystems, and Components 

GSFC Preferred Parts List 

NSTS Safety Policy and Requirements 

KSC Safety Policy and Requirements 

Test Methods and Procedures for Microelectronics 

Clean Room and Work Station Requirements, Controlled 

ICD 02E Interim Revision Notice 
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Section 3 
Verification Specification 

3.1 Introduction 

Presented herein are tables that summarize the performance verification information and data for 
the ACS instrument. Table 1 , the Requirement Verification Matrix, contains verification 
information for the requirements specified in the CEI Specifications - Part I & 11 and the 
requirements specified in ST-ICD-02E and 08D. Information and data presented in the tables is 
intended to be sufficient to indicate complete verification of the performance requirements 
identified in the cited source documents. 

3.2 Description 

The format of the table is a basic layout including: (1) a Requirement section that identifies each 
requirement parameter item from the referenced document, (2) a Planned Verification section 
that identifies the planned verification method for each requirement, and (3) a Verification Status 
section that summarizes the verification data and the results for each requirement, along with all 
referenced documentation of test circumstances and outcomes. 

The layout of Table 1 is suitable for printing on 8.5 x 11 inch or 11 x 17 inch paper in duplex 
(double-sided) landscape mode. This method will accomplish the printing, beyond the Title page, 
of the Requirements and Planned Verification on the odd numbered pages, and printing of the 
Verification Status on the even numbered pages. The column widths of Table 1 have been set so 
as to also allow printing using a dual side by side 8.5 by 11 or 11 x 17 inch paper layout. A 4% 
reduction in size allows printing the row and column indices. As the document is completed, the 
page count will change and the lines to be found on a particular page may, of course, move to a 
subsequent page. Changes in the column count or column use will constitute a primary revision 
delta. As this is a dynamic document, secondary revision letter deltas (addressing content) will 
also occur. 

The listing on the following pages summarizes the tables within this document. The tables listed 
are in the same sequence as they are referenced in the CEI specifications. Column content of 
Table 1 follows the table list cited in Section 3.2.3 of this document. 

11 



Advanced Camera for Surveys (ACS) 
Final Report 

Table 1 

3.2.1 Specification Tables 

Performance and Design Requirements 

Requirements Verification Specification Table 

Table 5 

Number and Title I Description 

WFC Throughput and Noise 
Performance Requirements 

References table 4-5 of CEI 74.4 Summarizes 
system performance of the WFC channel. 

Table 8 

1 Table 2 Encircled Energy Requirements 

WFC CCD Detector Performance 
Requirements 

References table 4-8 of CEI 14.4.1 . l .  Summarizes 
WFC CCD detector performance requirements. 

References Sections 3.0, 4.0 and 5.0 of CEI 
specifications and the ICD performance 
requirements. Restates the performance and 
design requirements for the ACS instrument. 

References Table 4-2 of CEI 14.2.2. Summarizes 
image quality with encircled energy requirements. 

Table 11 

References Table 4-3 of CEI 14.3.1. Summarizes 
spectral performance with wavelength range. 

References table 4-4 of CEI 74.3.3. Summarizes 
spectral performance by identifying spectral 
elements. 

Guide Block and Guide Strip Build 
Specification 

Table 12 

Performance Requirements 

Performance Requirements 

Guide Block and Guide Strip Mounting 
Detail 

References table 4-6 of CEI 74.4 Summarizes 
system performance of the HRC channel. 

References table 4-7 of CEI 74.4 Summarizes 
system performance of the SBC channel. 

Table 13 Load Factors (g’s) Axial Scientific 
Instruments 

Table 9 

Table 10 

Table 14 

HRC CCD Detector Performance 
Requirements 

Requirements 

Maximum Internal Ionizing Particle 
Radiation, Aft Shroud 

Reference table 4.6-1, ICD-02E 1 4.6.4. Tabulates 
particle ionizing radiation fluences and energies. 

References table 4-9 of CEI 14.4.3.1. Summarizes 
HRC CCD detector performance requirements. 

References table 4-10 of CEI 7 4.4.5.1. 
Summarizes SBC MAMA detector performance 
requirements. 

,References Section 4.3, Mechanical Interfaces, 
guide rails & guide blocks, ICD-02E 7 4.3.3, HDOS 
dwg. nrs. 

References Section 4.3, Mechanical Interfaces, 
guide rails & guide blocks, ICD-02E 74.3.3, 
mounting details. 

References table 4.5-1, ICD-02E 14.5.1.4. 
Tabulates Load Factors (g’s) for Axial Science 
Instruments. 
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Requirements Verification Specification Table 

Number and Title Description 

Table 15 
~ 

Power Connector “A Pin Assignments References table 4.1 1-1, ICD-02E 14.1 1.2. 
Tabulates power connector pin assignments for 
Connector “A”. 

References table 4.1 1-2, ICD-02E 14.1 1.2. 
Tabulates power connector pin assignments for 
Connector “B. 

Table 16 Power Connector “ B  Pin Assignments 

Table 17 SignaVCommand Connector “ A  Pin 
Assignments 

References table 4.1 1-3, ICD-02E 14.1 1.2. 
Tabulates sig/cmd connector pin assignments for 
Connector “ A .  

SignaVCommand Connector “ B  Pin 
Assignments 

References table 4.1 1-4, ICD-O2E, 1 4.1 1.2. 
Tabulates sigkmd connector pin assignments for 
Connector “B. 

Table 18 

Table 19 

Table 20 

RM Random Vibration Tests References table 3-2, ICD-OBD, 7 3.5.2. Tabulates 
RM random vibration test frequencies and g/db 
levels. 

References table 3-3, ICD-O8D, 1 3.6.1. Tabulates 
RM environmental test temperatures for operating 
modes. 

RM Environmental Conditions 

Table 21 Magnetic Field Strength Limits References table 3-4, ICD-OBD, 1 3.6.6.1. 
Tabulates the generated magnetic field strength 
limits for ST Sls. 

Table 22 EMVEMC Testing References table 3-5, ICD-O8D, 73.6.6.2. 
Tabulates EMVEMC generation & susceptibility 
limits of ST Sls. 

RM Power Dissipation in Watts References table 3-6, ICD-O8D, 1 3.7.1. Tabulates 
power dissipation limits in watts for ST SI op. 
modes. 

References table 3-9, ICD-O8D, 1 3.9.1. Tabulates 
engineering and science telemetry channel data 
rates. 

Table 23 

Table 24 Telemetry Data Rates 

Table 25 Telemetry Channel Assignments References table 3-1 1, ICD-O8D, 13.9.2.4. 
Tabulates telemetry channel assignments 
/telemetry multiplexer. 

Table 26 Cables, Interface Connectors, 
Controlling ICD 

References table 3-1 6, ICD-O8D, 1 3.1 2. This table 
summarizes the contractors responsible for 
specifying and furnishing the various cables and 
connectors, along with the controlling ICDs. 

References table 3-1 7, ICD-O8D, 13.1 2.2. 
Tabulates RM electrical connector types and part 
numbers. 

Table 27 RM ST Harness Connectors 
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Requirements Verification Specification Table 

Number and Title Description 

Table 28 

Table A 

RM Interface Connectors References table 3-1 8, ICD-O8D, 1 3.1 2.3. 
Designates RM interface connector functional 
assignments. 

Refs. text of ICD-02E 14.3.7.1. Tabulates 
coordinate origin values from “F” dimenision to V1, 
V2, and V3. 

Origins of the Four Axial SI coordinate 
system Mount Points “ A  

Table B 

Table C 

Orientations of Centerlines of the A and 
C Mount Points 

Exit Pupil Variation 

Refs. text of ICD-02E 14.3.7.1. Tabulates angular 
orientation for SI positions 1,2,3, and 4. 

Refs. text of ICD-02En 4.4.2. Tabulates In-Orbit 
position and stability of the OTA exit pupil as per 
the entrance and exit pupil location station 
numbers. 

Refs. text of ICD-02E 1 4.5.2.1. Tabulates stiffness 
of mount points A, B, and C (tension, compression, 
etc.). 

Table D SVOTA Latch Flexibility 

Table E 

Table F 

Attachment Fittings, Maximum Effective 
Thermal Conductance 

Refs. text of ICD-02E 14.6.1.1 .l. Tabulates 
maximum effective thermal conductance, fitting 
points A, 8, L? C. 

Thermal Power Mode Definitions 
~~ ~~ 

Refs. text of ICD-02E 74.6.1.1.4.1. Specifies 
Operational and 
acquisition rate requirements. 

mode temperature limit and 

Table G 

Table I 

Thermal Power Mode Constraints Refs text of ICD-02E 14.6.1.1.4.2. Specifies 
Operational and Hold mode power dissipation limit 
and temporal constraints. 

~~ ~~ 

WFC CCD Backup Performance Refs table 4-5 of CEI 14.4 Flight Backup 
detectors. 

HRC CCD Backup Performance 
~ 

Refs table 4-6 of CEI 14.4 Flight Backup 
detectors. 

Table II 

Table Ill 

Table IV 

WFC Backup Throughput Refs table 4-8 of CEI 14.4.1.1. Flight Backup 
detectors. 

HRC Backup Throughput Refs table 4-9 of CEI 14.4.3.1. Flight Backup 
detectors. 
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3.2.2 STE-47 Correlation, STE-SO and ICD 02W08D Sources 

Certain Requirements Within the CEI Spec. Part 11 are derived from the level I CEI Spec., 
STE-47, that identifies the science performance requirements. With the column labeled “Source” 
and the identifier “-47” within this column, each table herein identifies each CEI Spec. - Part II 
requirement that is either directly stated in or directly derived from STE-47. science 
requirements from Sections 3.0, 4.0 and 5.0 of STE-47 have been identified by the CEI Spec. - 
Part II and are noted (-47) within these tables. Requirements from the original STE-50 source are 
noted (CEI) and updated requirements from STE-50 will be noted as (-50). Requirements 
sourced in ST-ICD-02E are noted as (02E) and requirements 
sourced in ST-ICD-08D are noted as (08D). Requirements sourced in STE-47, correlated to STE- 
50 (in the manner described above) and updated in STE-50 will be noted as (50+). 

3.2.3 Content and Format 

With only slight variations from one table to another, the format of each table is similar with the 
basic layout including: (1) a Requirement section that identifies each requirement from the CEI 
Spec. - Part I and Part 11 (cross-referenced to STE-47) or the ICD Spec.: ST-ICD-02E and ST- 
ICD-08D whichever is applicable, (2) a Planned Verification section that identifies the planned 
verification method(s) for each requirement listed, and (3) a Verification Status section that 
summarizes the results, the verification data, plus the type and location of the data and any 
detailed system engineering report (SER) for each requirement. 

The layout of the sheets for each requirements matrix page is identical. The printed sheets come 
in pairs so that one page contains both the Requirement and the Planned Verification sections 
and the other page contains the Verification Status section for the same requirements identified 
on the first page, with corresponding row alignment. The matrix can be printed in either of two 
landscape mode formats, US Letter Size or 11 by 17 ledger size, or in portrait mode format US 
Letter Size, one panel per page non-duplex. The layout of the reference tables is suitable for 
printing in landscape mode with 8.5 x 11 inch U.S. letter size or 11 by 14 inch U.S. legal size 
paper. (An adjustment of the Excel worksheet percent size specification may be necessary on a 
table-by-table basis). 

Specific information contained within the format of the Requirements Verification Matrix, Table 
1, includes the subsequently tabulated columns, organized by Requirement, Planned Verification, 
and Verification Status sections as described above, and presented in the tables displayed on this 
and the following page: 
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Column 

A 

B 

C 

D 

E 
F 

G 

H 
I 
J 
K 

L 

Label 

’aragraph Number 

’arameter 

source 

Specification 

-eve1 

Method 

Verification Description 
Procedure Number 
Completion Date 
Results 

Performance 
Cnmme!??c, ?!o!es 
, and Document Titles 

Requirements 

Information 

The paragraph number from the referenced requirements 
jocument. 
4 short identifier for the requirement being specified by the 
?equirements document. Where found, “Note: [Num] refers 
io the appended list of test objects pertinent to this 
:ategory [as per the hyperlink, or attached printed list]. 
SEI = Contract End Item 
32E = Interface Control Document ST-ICD-02E 
38D = Interface Control Document ST-ICD-08D 
-50 = Requirements in the original STE-50 
50+ = Requirements in the updated STE-50 
.47 = STE-47, Science Requirements 
I = Information (concerning verification, and not a line item 
requirement. May also be IC, 12, or 18, by section.). 
Grav cell indicates row is aDDended verification data 
The statement of the specific requirement from the 
referenced document. 
The level at which the verification is planned to occur 
This indicates the verification type: 
E = Engineering Development (major or minor) 
P = Protoflight 
Q = Qualification 
A = Acceptance 
C = Commonality with STlS 
This indicates the verification method: 
a = analysis 
d = design/demonstration 
i = inspection 
t = test 
Short description of the planned verification. 
The sDecific Drocedure for the verification. 
The date of completion of the verification. 
Summarizes the verification results: 
P = passed 
F = failed 
W =Waiver (look for citation in column N) 
A summary narrative of the results. 
An\) annrnnriitn pnmmnntc , ..,. -.””.~”...-..” ““IIIIII”II.“. 

, The Title of significant Verification Documentation, i.e., 
SER. 
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This column is used for arbitrary single character Data 
Auto-Filtering tags, thus the data included here is not a 
part of the requirements verification, and is only a tool. 
This column is used for arbitrary single character Data 
Auto-Filtering tags, thus the data included here is not a 

~ Dart of the requirements verification, and is only a tool. 

Column 

N 

0 

P 

0 

Requ i rements 

Label 

Site 

Location and Type of Data 
(SER, Cert Log, etc.) 
Object 

Uses “.I’ for open items, or 
“,” for open item or waiver 
header lines. 

Information 

Identifies a test site/action code in accordance with the 
following list: 
BWT = Ball WFC Test, BHT = Ball HRC Test, 
BC = Ball Calibration, BPS = Ball Pre-Ship review, 
Bal = Ball Alignment, GAI = GSFC Alignment, 
GTV = GSFC Thermal Vac, GTB = GSFC Thermal Bal, 
GAC = GSFC Acoustic, GCS = Calibration w/ STUFF, 
GC = GSFC Calibration (ambient), GE = GSFC EMI, 
GM = GSFC Metrology, GMP = GSFC Mass Properties, 
GAR = GSFC Acceptance Review. 
[As Implemented Aug 12, 1999.1 
Location where details of the verification and the data 
results may be located, and Type of Verification Data. 

Note: Verification for Engineering Development: 
technology (-TQM), minor = design with previous heritage but testable changes (Proc #) 

E or E references either one or the other of class rnaior = new 

3.2.4 Definitions and Explanations 

3.2.4.1 Definitions 
Certain nomenclature used in the verification tables must be defined to ensure the clear 
understanding of the information presented herein. 

1. “Level” (Column E): This is the highest level at which a particular requirement will be fully 
verified. This does not negate any functional or verification testing performed at lower levels 
of assembly to characterize or determine performance. However, only the highest level of 
verification is of interest within this document. 

2. ‘‘Type” (Column F): This is the type of verification procedure with the following definitions 
and explanations: 

a. Commonality with other HST instruments is an ACS-specific implementation of an HST 
SI design. This design type relies on previously verified HST SI design features rather 
than design features adapted from hardware implemented for other previously flown and 
previously known spacecraft systems. The level of adaptation is thus typically less than 
that which accompanies minor development at the macroscopic level (bearings, 
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fasteners, materials, and small sub-subassembly elements are usually exactly as they 
were in a previous HST SI, Le., built-to-print). The envelope, relative location of 
subassembly parts, and environmental capabilities may be different from other HST SIs 
using this design. However, the units in question are systems that would be expected to 
pass unamended HST SI test procedures, and are expected to be verified using existing 
HST SI test procedures. 

3. “Method” (Column G): This is the planned method of verification with the following 
definitions and explanations: 

a. Analysis is the rigorous mathematical (or other) derivation or explanation to demonstrate 
compliance with a requirement. 

b. DesigdDemonstration is the non-rigorous design representation and/or testing or 
operation of some mechanism, function, or operation of the instrument. This type of 
verification will be “informal” in that only the presentation of previously verified 
successful design documentation and/or observation of an event, operation, etc. would 
be sufficient to demonstrate compliance with the requirement. 

In addition, “demonstration” is used when the verification of one requirement references 
the verification of another. In this case the “formal” verification of the latter requirement 
“demonstrates” the verification of the former requirement. 

c. Inspection is the verification by visual observation or measurement of something. This 
may include the inspection of dimensions by metrology, or the inspection of associated 
drawings (or documents) to verify functionality, configuration, design specifics, etc. 

d. Test is the rigorous verification demonstrating compliance. This involves limit testing, 
environmental testing, and multiple testing, etc. that will fully test and characterize a 
particular capability. 
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3.2.4.2 Explanations 

The tables contained in this specification are interrelated in the following manner: 

As previously identified, Table 1 states all the text of Sections 3.0,4.0 and 5.0 of the CEI Spec - 
Part I (where applicable), and Part II. Whenever the CEI Spec. references and presents a table of 
additional requirements, Table 1 “points” to those requirements residing in latter tables, Tables 
2-10. These tables have a three digit decimal extension to delineate sequential table items. This 
scheme maintains a connection of all the information in the latter table with the main 
requirement information in Table 1. 

An example is the following. In Table 1, a requirement under Image Quality, 4.2.2 references 
Encircled Energy that is to be found as depicted in table 4-2. In that table are items that 
describe the ACS image quality. This requirement “points” to Table 2 that contains the details of 
those requirements, planned verification methods, and verification results. Similarly, when 
examining Table 2, there is a cross reference to Table 1, and to paragraph 4.2.2-001 in order to 
identify the requirement as item 1 embedded within paragraph 4.2.2 of the STE-50 reference. 

3.2.5 Referenced Documents 

The “Procedure Number” reference (column I), and “Location and Type of Data” reference 
(column N), identify documents containing verification plans or status information. These 
documents use the 3-letter convention for milestones, or, alternatively, identify a BATC or GSFC 
procedure directly by number (Le., P538xxx or P-442-15xx). 

3.2.6 Revisions 

In the matrix presented here, revision levels are not identified on a line-by-line basis; instead, 
bold borders will identify revised requirement items. The revision-tracking scheme will be a 
linear list keyed by paragraph and item number, since the row and column indices are subject to 
change over time. The addition of Verification References is continual and is thus not tracked, 
except by text differencing techniques on sequential editions. 
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